A linear, travel time tomography study of the most active shield volcano of the world, Kilauea Volcano, Hawaii, was undertaken to determine the lateral heterogeneities produced by its intricate magmatic and tectonic environment. Kilauea provides an ideal setting to do tomography because of its dense seismograph array and many local earthquakes that allow excellent ray coverage of complex subsurface features. Local P wave data from ~12,295 events were inverted using a onedimensional layered velocity model. Inversions were done for two cell sizes (5 x 5 x 5 km and I x I x I kin) to resolve structural regions on different length scales. This study provided a view of the average velocity variations relative to a one-dimensional velocity model. Analysis and interpretation of the tomographic images allowed us to infer the following model. The main shallow magma reservoir is delineated by a slow velocity region southeast of the summit from 0 to 2 km depth. There is a distinct high velocity region centered northwest of the summit from 0 to 2 km depth that represents a cap of dense, intrusive dikes surrounding the magma chamber. We suggest that the shallow reservoir is a narrow, compartmentalized region of sills and dikes, centered just south-southeast of Halemaumau caldera. Below the main reservoir, the summit is imaged as a slightly fast region from 5 to 10 km in the coarse model indicating that the main conduit is structurally defined by an intrusive dike complex until about 10 kin. The rift zones of Kilauea are imaged as major, high velocity entities, widening to the south with depth until 6 kin. 
al. [1981] used accurately determined hypocenters to infer the intrusive outline of the magma chamber, notably a roof at 1.1-1.9 km depth, a floor at 5.7-6.5 km depth and an aseismic zone at 2-6 km depth inferred to be the shallow reservoir. More recent three-dimensional inversions have imaged some small, low velocity zones at different depths beneath Halemaumau [Thurber, 1984 [Thurber, , 1987 Mauna Loa recorded in 1986 were used to conduct a largescale, linear tomographic inversion. 3•For one set of inversions we used data from the Hawaiian Volcano Observatory (HVO) and for the second set of inversions we relocated these events using HYPOINVERSE [Klein, 1989] .
Images produced using both data sets are presented to delineate robust anomalies that are not significantly effected by hypocenter mislocations or differences in parameters (i.e., station delays and weighting schemes) used by the location procedures. It is inappropriate to use our threedimensional images to derive a three-dimensional velocity model, use this new model to relocate hypocenters and reinvert for new three-dimensional images because these images are ultimately dependent on the one-dimensional velocity model. A three-dimensional tomographic inversion would be more accurate and the resulting images more meaningful if an independently derived three-dimensional velocity model was used. Even with the important improvements in three-dimensional ray tracing, hypocenters are not fixed and ray paths are only approximate, making it difficult to describe the precise ray path taken around sharp velocity contrasts inferred to exist at Kilauea. A more accurate three-dimensional velocity model may be obtained by doing a detailed refraction survey where source locations and ray paths are known.
Other problems common to tomographic inversions include appropriateness of the mode] space, influence of ray bending and nonuniform distribution of stations and/or sources. Our approach is to describe the data, the method and define and discuss the noise introduced into our images via errors in the data and/or method. Finally, we present the average three-dimensional velocity variations of Kilauea relative to the one-dimensional velocity model and our preferred structural interpretations of these anomalies.
DATA DESCB. IPTION
Hawaii is ideal for travel time tomography using local events because it has a dense seismograph array and abundant local seismicity, particularly around Kilauea. The array consists of 54 stations, of which, 42 were used for our inversions (Figure 1 ). Station coverage is more than adequate around Kilauea, although the network is somewhat unevenly spatially distributed with a higher density of stations on the summit and rift zones. P wave phase data from HVO A large number of rays crossing the cell at a wide range of azimuths indicates good ray coverage. The ray coverage is depicted in Figures 5 and 6 for the two models, using the two data sets (HVO and relocated hypocenters) where each plot shows the density of rays traveling through each cell. Coverage is excellent for both models, using either data set, with >75% of the cells being hit by rays to a depth of at least 20 km. The poorest spatial density occurs along the north flank of Kilauea and some regions along the lower ERZ, particularly with increasing depth. Thus lateral velocity variations in these border regions are suspect and should not be interpreted as structures. (Figure 10) . We believe these slow anomalies are due mainly to magmatic activity but other structures may explain the low velocities (e.g., cracks, rifts, weathering, temperature variations or porosity). We prefer to interpret these slow ve_locities as zones of partial melts because there is strong evidence (described below) for concentrated magma pockets and very httle evidence for significant, anomalous zones of high porosity basaltic rock or regions along the upper parts of the rifts that contain a greater density of cracks and fractures. The one exception is the Great Crack along the LSWRZ which is poorly delineated in the shallow layer of the coarse model by any significant velocity anomaly, Mthough it is slightly slow in Figure 9b The Koae fault system is indistinguishable in the coarse model, but some of its structural complexity can be deciphered in the fine model (Figure 10 ). In the shallowest layer, 0-2 km, the northeastern end of the Koae is slow. In Figure  10a , the slow anomaly is isolated, while in Figure 10b the slow anomaly is connected to our inferred shallow reservoir slow anomaly. The evidence for an open, direct connection between the summit reservoir and the Koae fault system is incon•:iusive. Our preferred "interpretation" of the slow anomalies in Figure 10b is that these slow regions are not connected and have just smeared into one another due to smoothing and contouring. The rest of the Koae (southwestern three-fourths of the fault system) in the shallow layer, 0-2 km, is fast. In the next depth slice (2-4km), the fault's surface trace has an average velocity bounded by the fast anomaly related to a SWRZ intrusive barrier to the north and a slow anomaly to the south that is possibly related to the subaerial basaltic flows on the south flank (Figure 10b) . From 4 to 6 km the Koae is part of the high velocity region related to dike intrusions along the rifts. The Koae is a difficult fault zone to interpret from the images and its complicated history. It is an extensional fault system to approximately 10 km [Duffield, 1975] [Duffield, 1975] . The Koae may be an ancient caldera-rift system of Kilauea [Holcomb, 1987; Duffield, 1975] The Koae fault system is mainly imaged as a high velocity region related to dike intrusion from the rift zones. The
